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ABSTRACT

This study evaluates alternative UICP (Uniform Inventory
Control Program) Navy Economic Retention models. The current
Navy Economic Retention Model was developed in 1965 for
consumables only and was restricted in precision by computer
constraints and simplifying assumptions. A replacement model
is proposed that applies to RFI (Ready-for-Issue) consumable
and repairable assets, as well as NRFI (Not-Ready-for-Issue)
repairable assets. The proposed model represents an improved
mathematical formulation that takes advantage of current ADP
(Automatic Data Processing) capabilities and, thus, eliminates
many simplifying assumptions of the current model. The proposed
model, under current constraints, computed a lower economic
retention requirement for the total of all Navy items. However,
implementation of the proposed model based solely on economic

criteria would increase the economic retention quantity.



EXECUTIVE SUMMARY

1. Background. Variations in Fleet programs and supply policy

create apparent material excesses over time from one item of
supply to the next. In the mid-60s, an economic retention
requirements model was developed to assist in the disposal deci-
sion for consumable items. The model was initially constrained
to establish limits to any decision and, to permit efficient
operation, the model employed simplifying assumptions and
approximations. Over time the limits have been modified and

the model has been extended to use on repairable items. A
preliminary analysis of the current model indicates need for
improved management of both consumable and repairable disposal
recommendations.

2. Objective. To develop an improved Economic Retention model
for Navy consumable and repairable assets in long supply.

To apply more advanced model solution techniques consistent with
improved computer hardware and software capabilities.

3. Approach. The current model and assumptions were examined
to note parameters considered, those omitted, use of overrides
and other limits, the technique used.to approximate the theoretical
problem solution, and methods of application in the stratification
and disposal decision. A new model was fashioned to consider
both consumable and ready-for-issue repairables, while a second
algorithm was developed to consider not-ready-for-issue material
assets. Proven mathematical techniques were applied to obtain

exact problem solutions.



4. TFindings. The proposed model was developed without need

for simplifying assumptions and, as a consequence, determines the
economic retention requirement more precisely. The models incorporate
new parameters as well as using many of those in the current model
to give a more accurate problem solution. A mathematical routine,
the modified binary technique, an iterative procedure, provides
exact problem solutions. The feasibility of models developed

was demonstrated through sensitivity analysis. The practicality
of the models was demonstrated using UICP stratification data.

The results of the model application indicate the new model using
0ld constraints retain fewer assets than the current model.

The new model with new constraints retain substantially greater
assets than the current model as constrained.

5. Conclusions. The objectives of the study were accomplished.

An improved economic retention model was developed. Improved
mathematical features were introduced to give more accurate
treatment of the decision variables consistent with improved hard-
ware and software capabilities. There remains the need to pre-
cisely establish model parameter values (beyond the scope of

this study) and establish procedures to maintain these parameters.
The models are adaptable to current versions of UICP stratification

and disposal applications.
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GLOSSARY OF TERMS AND SYMBOLS

a - obsolescence risk rate.

A, - procurement order cost.

A, - manufacturer's set-up cost.

A, - repair administrative cost.

A, - repair set-up cost.

A condition - assets that are in A condition are ready-for-

issue off the shelf to the customer with no rework or

repair required.

Apportionment year - covers the 12 months following the Current
Year or the remainder of the fiscal year after the pro-
cessing of stratification when the Current Year is not

computed.

Budget year - the stratification horizon which extends
from the end of the Apportionment Year to the following
30 September. It is always four quarters in length
and covers the period for which the budget is being

prepared.

B - administrative cost to dispose of a unit of stock.

iii



10. ¢ -~ standard unit price.

11. Current year - covers the remaining twe quarters of the fiscal

year after the 31 March stratification processing date.

12. d - probability of inventory loss in storage (includes
pilferage).

13. Dg - annual demand forecast for two years after budget year.

14. Economic retention requirement - a value determined by

considering recurring demand, obsolescence rate, shelf
life, order quantity and order cost. From the calculation
it can be decided whether excess stock should be kept

by determining if the cost to retain the material is less

than the cost to reprocure the material at a later date.

15. ERR - economic retention quantity determined in current

retention model with current constraints.

16. ERR, - economic retention quantity determined in proposed

retention model with current constraint

17. ERR, - economic retention quantity determined in proposed

retention model with new constraints.

18. 1 - discount rate.
19. J - disposal return rate for not-ready-for-issue material.
20. k - repair price.



21. m - time in years.

22. MARK - classification of items in inventory based on item
characteristics.

MARK 0 - insurance items with quarterly demand forecast
below 0.25 units.

MARK I -~ low demand, low cost items with quarterly
demand forecast between 0.25 units and 5.00
units and standard price below $50.00.

MARK IT - high demand, low sales, and low cost items
with quarterly forecast of demand above 5.00
units and quarterly sales below $75.00

MARK IIT - low demand high cost items with quarterly

demand forecast between 0.25 units and 5.00
units and standard price above $50.00.

MARK IV - high demand, high sales with forecasted quar-
terly demand greater than 5.00 units and

quarterly sales greater than $75.00

23. NRFI - not-ready-for-issue material.

24. p - disposal return rate for ready-for-issue material.

25. PER - sum of all assets stratified to all requirements now.
26. Q, - basic order quantity.

27. 0§ - constrained order quantity for budget year.

1b



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

4g.

azb - constrained repair quantity for budget year.

QER - sum of initial constrained retention limit, opening

position backorders, and planned program requirements.
RD3 - recurring demand during the budget year.
RFI - ready-for-issue material.
s - storage cost.
S - shelf life.

SER - sum of all requirements considered before the

economic retention requirement.
SSOH - serviceable stock on-hand in A condition.

t - maximum number of years of annual demand for economical

retention under current model.

t., - optimum number of years of annual demand for economical

retention under proposed model for ready-for-issue material.

t, - optimum number of years of annual demand for economical

retention of not-ready-for-issue material under proposed

model.
T, - transportation cost for disposal of material.
T - transportation cost to move carcass to designated

overhaul point.

vi



ul, TAl - total assets, opening position.
42, W1 - initial constrained retention limit.
43, ¥X. - basic reorder level.

1

44, Y - units per item to be held in retention by model.
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I. INTRODUCTION

The Navy Economic Retention Model was developed in 1965

for application to consumable items. The model was designed to
assist inventory managers in determining an apparent economic
quantity of material to retain for potential future use.
Reference (a) of APPENDIX A documents the original version of the
model. Several simplifying assumptions and mathematical approxi-
mations were necessary to obtain efficient operation of the model
on the then available automatic data processing equipment.
Since initial development, several modifications have been made
to the model to implement policy changes and for application to
repairable items. Constraints and overrides have been applied
over the years to implement change to management philosophy or
for financial necessity.

Many factors tend to cause fluctuation in demand forecasts
for repair parts which have a direct impact on the determination
of excess (or apparent excess) stocks. Consider the following
hypothetical example. Twenty ships have one application of the
same equipment and one of the repair parts must be replaced
annually. The annual demand is 20 units per year and if the
supply system has 40 units of this part in stock, then two years
worth of stock are on-hand. Now suppose that five of the ships
have the equipment replaced and 10 of the ships are deactivated.
The system stock of 40 units would now equate to eight years

worth of support stock which creates an excess situation. The



inventory manager must decide what portion of the on-hand stock
is to be declared excess. Often the determination is made when
assets are stratified in UICP (Uniform Inventory Control Program)
as a part of the budget formulation. The more precise the
identification and consideration of factors impacting the decision,
the more optimal (economic) the decision. The original model

was designed expressly for consumables. A preliminary analysis
of the model (as modified) indicates possibility for improved
management of both consumable and repairable items. Factors
relevant to repairable item management; i.e., carcass transporta-
tion costs, should be introduced. The original assumptions and
approximations should be reduced to give a more exact answer,

and new techniques should be examined for potential increase in
accurate and efficient processing. Reference (b) of APPENDIX A
describes the tasking for improving the Navy Economic Retention

Model formulation.
II. MODEL DEVELOPMENT

Textbook solutions rarely solve operational problems directly
and completely. The theory behind the solution is usually
demonstrated on a hypothetical situation where but few variables
are recognized. Judgment and experience are required for success-
ful application of such algorithms because assumptions are
required to fashion the operational situation to the algorithm

or model. Judgment is also required to formulate the relationship



of the various factors in the operational situation and to
assign meaningful values to constraints and variables used in
the model. This section of the study compares assumptions,
the formulation, constraints and variables of the original and
proposed models. The solution techniques inherent in the

model are alsc discussed:

A. ASSUMPTIONS.

1. Original Model.

a. The holding cost of material is independent of the
event of obsolescence.

b. The total holding cost of material at the end of t
years is t times the annual holding cost rate.

c. The time value of money concept does not affect
holding costs in the year incurred but only after t years.

d. The annual probability of obsolescence from year to
year is independent.

e. The obsolescence rate represents the probability of
an item becoming technologically and instantaneously obsolete
in any given year.

f. The standard price charged on a procurement action
in the future will be at the standard price in the file today.

2. Proposed Model,

a. The holding costs for material will be incurred
only if an item is not obsolete. Obsolete item assets will be

disposed immediately.



b. The holding costs are incurred annually over time
and are subject to valuation by time value of money concept.

c. The annual probability of obsolescence is uniformly
(linearly) distributed over the expected life of an item.

d. The obsolescence rate represents the probability of
an item becoming technologically and instantaneously obsolete
in any given year.

e. The standard price charged on a procurement action
in the future will be at the standard price in the file today.

f. The probability of an item being lost in storage is
independent from one year to the next.

g. The probability of item obsolescence is independent
of the probability of loss in storage.

3. Comments on Assumptions. Items which are obsolete have

zero present and zero anticipated future usage. It seems reason-
able to assume obsolete items will be disposed eliminating holding
costs. Costs to maintain and operate warehouses indicate annual
holding costs occur. The occurrence of these costs at specific
points in time makes the use of the value of money (discounting)
concepts appropriate. The obsolescence and discounting factors
change in relative value from year to year. Consequently, an
annual holding cost cannot simply be multiplied by t years to
compute the total holding costs over t years.

A basic assumption is the uniform distribution of annual

obsolescence rate over the life of the item. An item with a 20



year life would have an annual obsolescence of .05 for each and

every year.

FIGURE I illustrates the principle. The assumption

is considered reasonable because knowledge of the individual

item's exact distribution of obsolescence is unknown. The distri-

bution would be most difficult to establish empirically due to

the uniqueness of obsolescence of each item.

UNITORM DISTRIBUTION OF ANNUAL OBSOLESCENCE
AND CUMULATIVE DISTRIBUTION OF ANNUAL OBSOLESCENCE

OBSOLESCENCE RATE

B. THE MODEL.

/

L CUMULATIVE DISTRIBUTION
////<L_QF UNIFORM OBSOLESCENCE

UNIFORM OBSOLESCENCE
e

b4 5 6 7 8 9 10
TIME (YEARS)

FIGURE T

Both models, the original and proposed, use several



common variables. The symbols and titles of the variables are
shown in the glossary.

Excess material should be held only where economic criteria
indicate the costs of reprocurement at some future time will
exceed the costs to hold the material. Holding costs include
the opportunity cost of not liquidating the assets through
disposal, repair costs, and physical storage costs. Material

should be disposed if:

Proceeds for disposal + repair costs + storage costs

> reprocurement costs

FIGURE 2 demonstrates the relationship graphically. The example
indicates that 6.3 years of demand, based on present forecast,

should be held.
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FIGURE 2

1. Current Model Formulation. Reference (a) of APPENDIX A

contains the formula and rationale for the Navy Economic Retention
Model. The model is predicated on the assumptions cited earlier.

The basic equation is:

sct S (1 - a)t c + Al + A, (1)
(1 + Ut (1 + Ut

pc +

In the equation t = gl and represents the number of years of

g
assets to be held. For example, if Y = 1000 units and Dg = 500



units per year, then t = two years of demand. The first term

in the equation represents the proceeds for immediate disposal.
If the material is held, this term represents the opportunity
cost for not liquidating the assets. The second term represents
the physical costs associated with holding material for t years,
where t is the solution variable of the model. The discount

factor l 1 ‘ is for year t only and obsolescence rate (a) is
1+ 1

not considered as a factor of holding cost. The last term
represents the costs for reprocuring disposed material. The
factor (1 - a)t indicates independence of annual probabilities
of obsolescence.

The model was solved by approximating (1 - a)t with (1 - ta),
which is accurate when ta is a small value. The larger the product
of t and a, the less accurate the approximation. Similarly,

(1 + i)t is approximated by (1 + ti). Substituting in equation (1):

A+ A
- 1 2
be + sct S (1 - ta) ¢+ —— (2)
(v +¢i) (O +¢t0) Q,,
A1+A2
or pc(l + ti) + sct > (1 - ta)lc + —
‘ le
A+ A,
or pc + pcti + sct > (1 - ta){c + —
le

The breakeven point occurs when holding costs equal reprocure-

ment costs which allows the > sign to be replaced by the = sign.



To rearrange the equation to solve for t:

A+ A
. 1 2
pc + pcti + sct = (1 - ta) [c + ———
Q1b
. AL+ A, Ay + A,
pc + pcti + sct = c + — - ¢ ta - ta —~
le le
A, + A, A, + A,
pcti + sct + ¢ ta + ta{————] =c¢ - pc + —
Q1b Q1b
R AL+ A, AL+ A,
t|lpci +sc+ca+a|——m1J] =c-pc+
L le le
i A+ A, AL+ A,
tipi+ts+ajl +{—— =1-p+ —
L c le c le
A+ A
| - p+ 1A 2
cQ
1b
t = (3)
AL+ A,
pi + s + afl + —~
¢ Q1b

To obtain an exact solution to equation (1), iterative techniques
would be required. The data processing equipment available when
the original model was developed would have been inefficient in
obtaining the exact solution and the equipment was required

for many other determinations of equal or greater priority.
Equation (3) was used to get an approximate answer with a single

iteration.



2. Proposed Model Formulation. Two expressions are developed

for the proposed model. The first is comparable to the original
model and applies to consumable and RFI (Ready-for-Issue) material.
The second considers the uniqueness of NRFI (Not-Ready-for-Issue)
material and introduces new variables. The symbols are defined

in the glossary.

a. Consumable/RFI Retention Quantity. The proceeds

from immediate disposal of material may be expressed as pc. The
net proceeds are determined by considering the administrative
and transportation costs incurred in the disposal process. A

representation for net proceeds is:

The annual storage costs can be expressed by:
t
sc(1 - t,a)(1 - d)

The value of t, is the optimal years of consumable/RFI material
to retain and is the solution variable of the model. The factor
(1 - tla) is considered to be appropriate because storage costs
occur only before material becomes obsolete and the distribution of
obsolescence is assumed uniform over time. A linear cumulative
distribution of nonobsolescence is also assumed. The factor

t

(1L - d) ' is considered appropriate because the probabilities of the

incidents of less are considered to be independent from year to year and

10



independent of the probability of obsolescence. Here t, = Y/Dg
is the time to hold the Yth unit of stock (number of years
of stock based on demand forecast). The discounted total holding

cost for the proposed model is:

t
1

2
__B (1 - y|l-d B} "d’ - 1 -d
PC - T T, +sc (1 a)(] - i) + sc (1 2a)(T—1—T- + ... +sc (1 tla)‘T—;—T,

149

or

t
1 m
_ B _ _ 1 - d
pc ra— T, +sc I [(l ma)t] — i’ ]
1 g m=]

The discounted expected cost to reprocure, in year t,, a

unit of material disposed now, can be expressed as:

1 - tla AL+ A
— 1z
a+i)! Q

Using the same rationale of the original model, material should

be disposed when the following relationship exists:

B T ;1 (] )]_dm>]-t1a N 1 P (’4)
oot 2 [0 mal s [ e [

t A
19 =1 a+ i)t %Gy

The optimal level of stock that should be held is t, years of demand

and occurs when the > sign is replaced with the equals sign in

11



equation (4).

t
The term sc Zl
m=1

m
[(1 - ma)(%—i—%' ] produces only discrete values
of tl, therefore, the optimal value of t, can not be found as
a fraction of a year. If the disposal function is to be a
continuous function rather than discrete, the formulation can be

modified to give a continuous (fractional) value for t,. The

following applies:

t t

1 m 1 1 - g™
sc [ (1 - ma)( dm=sc & |(1 - ma)( )
1 + i . 1 + i
m=0 m=1
The integral can be integrated by parts:
t )
m
s o -y ] -
+ i
m=0

} 1-d <Ii o [(] -tita)ﬁn(%-%—?) + a] - [Z"“_-_F(H +aJ

Bl

Substituting into equation (4) with the equals sign:

]-dl 1 -d ] A+ A
B ) ITET [ 1 -tya)tn[r5) + -5 P

1 - 2 t 8
% (4] (e

12



Subsequent analysis (see TABLE I, page 31) showed that B was
insensitive and had minimal impact on the solution of the model,

therefore should be dropped from the formulation which now

becomes:

o oot ] [olsg -
Lﬁn:;?)]

pc - T, + sc

1 - tla A, + A
—_——}]lc + |—— (5)

t
(1 +1) QU

b. NRFI Retention Quantity. The logic used for the

RFI determination and that for the NRFI determination is analogous.
To differentiate, t, will be the symbol used for the solution
variable and j will represent the rate of return for carcass
disposal. Several new variables will be introduced, all of

which are shown in the glossary. New variables include added
transportation and administration costs, and the actual costs

to repair. The net proceeds for disposal of a unit of stock can

be expressed mathematically:

Annual storage costs may be expressed:

13



t, m
sc I [(l - ma)“—:_—?-)]

m=1

And unit administrative repair costs:

w
o0

2b

Actual repair and repair transportation costs:

k + T
Then the total discounted expected repair cost for the Yth
unit is:

A, + A,

t2
1 -d
(- tza){] < i] ( 5 + k + T2
2b

The cost to procure a replacement unit for one disposed now t,

years later is expressed as:

I - t.a AL+ A
-—2

t Py
1 +i)° b

The optimal level of NRFI stock to retain (on an economic basis) is

the demand for t, years, where:

1y



8 2 A
je - B o T +scm§] [(1-ma)(]+l)] S ke, [(1 ta)(]+|)
2 .= sz
1 - t.a A+ A
= _._Z_t_. C+‘i;\—'—3" (6)
(h+i)° 2y

Assuming disposal is a continuous function and recognizing B is

insignificant (as shown earlier), then equation (6) becomes:

t
!H} [(l - tza)ﬂn(—:—-_-;—ii) + a] [ﬂn 7 _';_ ?} + a]

[ents-1]

t
A, + A 2 1 -ta A, + A
3 4 1 -d _ 2
+ k + T4 (1 -tza){l m i) =|l— et — (7)

% (a+i)? QU

jc -Tl-Psc

Equations (5) and (7) use the iterative approach for determination
of values for t, and t, rather than reduce the equations using
approximations to give the value of the solution variable in a
single iteration as does the current model. A sample solution

is provided later.

C. SOLUTION TECHNIQUES. Solution of equations (5) and (7) requires

sophisticated mathematical techniques to attain accurate answers
efficiently. Reference (c) of APPENDIX A describes an iterative

solution method known as linear interpolation (secant method).

15



The following relationships pertain in this technique:

ter Pl e e - e )
" - 1 - n-1 n n n-1 (8)
ntl Lt ) - e ) fle ) - fle ;)

t f(t )

n n
to find successive trial values for t, or t,. The solution value

for t, is found when equation (5) is transformed to:

t

H%%}l[l-tam 'd)+4-[“11?}+4

1 -d
[ﬂn] ” I]

pc - T1'+ sc

A, + A
-t
- ]_—-_J?t—_ C+__1-/\__2 =0 (9)
1+’ le

The solution value to equation (7) is found similarly:

t
=9 o - ety o o - [enfisd) +

EI==T

jc -T1-+sc

A+ A 1 -t A A
+(_i___-+ k + T)(l -t a)h ; l) ( a ) c4__;;;_i = 0 (10)
(v + ﬂ

Another method to solve such equations is known as the

modified binary technique. This method begins with the development

16



of a trial solution using a value of t equal to one. Each itera-
tion increases the value by one until the direction of the model
inequality changes which indicates the solution lies between the
last integer and the previous one tried. A binary search
technique is then used to find the exact value of t by continually
bisecting the differences between the last trial value and the
previous until the solution is found. The following example is

offered to illustrate:

"
o
=
I
o
ol
>
n

Assume: s = .01 d 2000 Q1 = 50

p
a = .10 i= .10 T = .05 A

"

2000 ¢ = 2000

Consider the model:

t

e [ cornitzt + f {os -

[enl)]

1 - tla A +A

pc -1} + sc

v+ 1) ! Q

17



ct

Left Side of Equation Equality Right Side of Equation

|-

1 117.73 < 1701.81
2 131.62 < 1375.20
3 142.32 < 1093.91
4 150.41 < 852.40
5 156.39 < 645.75
6 160.66 < 469.64
7 163.56 < 320.21
8 165.37 < 194.06
9 166.32 > 88.21
8.5 165.94 > 138.77
8.25 165.81 = 165.81

The direction of the inequality changed between values for t,
of 8 and 9. Bisecting the interval twice provided the exact
solution to the equation.

For test purposés, both techniques were programmed in FORTRAN
IV ‘and applied #o WIGR data. The method of linear interpola-
tion proved unsuitable due to a tendency of nonconvergence. The
binary search method converged without exception as shown in the
above example. The FORTRAN IV routine incorporating the binary
search methoed can be converted for incorporation into UICP. The
modified binary search technique is simple to apply and easy to
comprehend. The values for the solution variable will be more
accurate than the current model values.

D. CONSTRAINTS. The variety and number of items in the Navy

inventory dictate against allowing the model (or any set of rules)

to run unfettered. Operational factors such as shelf 1life make

18



model constraints an economic necessity. The initial constrained
retention limit, W, is computed as follows:

1. Current Model.

a. MARK I or II

+
W = i DS; D/ + 0. 11
, = [min ( LN a) 9991 (1)
b. MARK IIT or IV
+
W, = [min (Dgt; DgS) + 0.999] (12)
c. Repairables with regenerations > demand
+
W, = [tmg + 0.5] (13)
d. Repairables with regenerations < demand
+
W, = [p t + 0.999] (14)

erepresents the total assets to be held after considering economic
criteria: shelf 1life, obsolescence, gross system demands at

end of leadtime, and RFI regenerations at end of leadtime.
Equations (11) and (13) reflect policies that 1limit the application
of economic criteria in decision making. The rationale apparent

in equation (11) is that due to the relative inexpensive items,
economic considerations are not appropriate in the hold/dispose
decision and the economic solution variable t, is not included.
Equation (11) says hold the smaller of expected demand over shelf
life or the demand expected during the life of the item. Equation
(13) says to hold four years of stock based on the forecast of

demand two years after the budget year. The rationale seems to

19



be that when regenerations exceed demand, zero attrition occurs

and procurement is not needed to meet forecasted demand. 1In

equations (12) and (14), the solution variable is found for use in

computing Wl. This is intuitively appealing because in equation
(12) the expensive, high sales items are included. 1In equation

(14), procurements will be required to meet forecasted demand

and the economics of hold/dispose are appropriate considerations.

2. Current Model Final Constraints. Optimal financial

determinations are not the sole considerations in the hold/
dispose problem. Planned program changes, for example, may tend
to alter the optimal financial answer. The following equations
reflect policy for various conditions, much of which is based on
historical occurrences or expectations based on judgment.

a. MARK 0O

ERR = 2Q; + X, + scheduled funded planned
requirements for the second year after
the budget year + other planned

requirements
b. Provisioned Items
ERR = 0
c. Repairable with RFI > W, + QER
ERR = Max(0; QER-SER)
d. Repairable with RFI > SER but < QER
ERR = Max[0; min(QER - SER; RFI + 2RD3 - SER)]

where RD3 = recurring demand during budget year

20
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(16)
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e. Repairable item with RFI < SER
ERR = 2RD3 (19)
f. All other

ERR = Max {0; min[TAl; Max (QER; SER)] - PER} (20)

3. Proposed Model Initial Constraints. The proposed model

continues the policies for several categories of material as in
the current model. The computation where repairables with
regenerations less than demand is changed to give consideration
to both solution variables t, and t,, purchase and repair.

a. MARK I or II - see equation (11).

b. MARK IITI or IV - see equation (12), but substitute
t, for t.

c. Repairables with regeneration > demand - see

equation (13).

d. Repairables with regenerations < demand -
t
W= [Mln(tng; SSOH) + Max (o;ffz) (tng - SSOH) + .999}]+ (21)
Equation (21) considers the optimal number of both RFI

t
. ) A -
[Min (tng, SSOH) ] and NRFI [Max (0, (tz)(tng SSOHﬂ] to hold.

4. Proposed Model Final Constraints. The proposed model

again continues a position of the policy found in the current
model.
a. MARK 0 - see equation (15).

b. Provisioned items - see equation (16).
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c. All other - see equation (17).

E. MODEL VARIABLES. The proposed model uses the variables of

the current model plus variables for the added economic considera-
tions introduced. The values for variables pertinent to the

model have several sources. DOD (Department of Defense) and
NAVSUP (Naval Supply Systems Command) directives provide guidance
on determination for some of the variables or the actual value.
Historical data serves as the basis for a number of the variables.

Large data bases provide accurate values for variables and data

samples provide less accurate values. Other values are based
on experience or assumed. Various methods are demonstrated for
illustration.

1. Obsolescence rate, symbol a, may be computed by estimating
the useful life of an item, in this study the probability of
obsolescence is assumed to be uniformly distributed. The

computation:

1
" useful life of the item in years

Reference (d) of APPENDIX A provides policy for computing the

obsolescence rate. The value for a is:

_ transfers to all property disposal officers

~ stratified on-hand and on-order assets representing
the maximum expected on-hand and on-order quantities
at any point in time
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The latter method is considered impractical for estimating obsoles-

cence rates

for the current or proposed models due to data quality.

2. Discount rate, symbol i, is set by reference (d) of APPENDIX

A to be 10% per year. The rate is predicated on the economic theory

of investment opportunity cost.

3. Storage cost, symbol s, is established as 1% by reference

(d) of APPENDIX A. This cost repregents the cost to receive, stow

and issue materidl, including maintenange of warehouses, etc.

4, Pilferage and other inventory losses, symbol d, are

discussed in reference (d) of APPENDIX A, but guidance for

computation
a sample of

determined,

of any unit

unit of any

is lacking. During reference (e) of APPENDIX A,

data was obtained from which an estimation for 4 was
based on the assumption that the probability of loss
of one item equals the probability of the loss of any

other item.

CATEGORY ITEMS EXPERIENCING LOSS | TOTAL ITEMS | PERCENT LOSS
APA 386 10,008 3.8
NSF 615 6,641 9.2
TOTAL 1,001 16,649 6.0

The estimated value for d based on the given sample 1s 6%.

5. The procurement order cost, symbol A , is estimated in

accordance with reference (d) of ARPENDIX A. Values used in UICP

at the time of the, study were found to vary by ICP (Inventory

Control Point) and by type of procurement action as follows:
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DEN NR ICP VALUE
V015 - Order Cost (MARK | and 11) SPCC |$ 70.00
ASO 108.27
Vo4l - Order Cost (Low Value Demand) SPCC | 102.00
ASO 108.27
VO42 - Negotiated Procurement SPCC | 275.00
ASO 183.54
voh3 - Advertised Procurement SPCC | 326.00
ASO 183.54

6. The local transportation cost, symbol T, , is peculiar
to the proposed model and is not specified in known official
directive. With the assistance of NSC Charleston personnel

during reference (f) of APPENDIX A, data were obtained to

estimate the value of T, based on local procedures.

is based on experience to a degree and should be verified using

a larger data

The result

base. The value for T, is composed of:

vehicle cost + mileage + personnel cost

.l

units disposed

$1.32 1 stop/disposal) + $.21 3 miles

Hour X 7~ 5 stops/hour

Mile © disposal

$1.72 salary and fringeil} . 50 units
" average disposal action

disposal action

_$.27 +$.63 + $1.72

£0 = $0.05/to dispose one unit
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7. The transportation cost to move material to a repair
site, symbol T2, is also peculiar to the proposed model and is

not specified in any known directive. Through the courtesy

of NAVMTO (Navy Material Transportation Office), a portion of the

data was obtained to determine the value of Tz. Other data was

obtained from the UICP SIG (Selective Item Generator) files.

From NAVMTO:

AVG UNITS/
THEATER DATES OF SHIPMENT NR OF SHIPMENTS COST TO SHIP SHIPMENT
Atlantic 3/10 - 7/20/78 814 $19,791.72 2
Pacific L/21 - 6/29/78 212 3,266,454 2
From SIG Files:
CARCASSES
DATE OF SIG ICP COG MOS. OF DATA RETURNED
9/76 ASO 2R 3 94,718
1/77 SPCC 2H, LA, LG, LN,6G,6U ] 7,108

The carcasses shipped to CONUS (Continental United States) repair

sites from each theater was estimated as follows:

Atlantic: 2.units 814 shipments « 12 months

shipment = & months year

2 units 212 shipments x 12 months

Pacific: shipment X "77 months year

Total: 7,428 units/year

= 4,884 units/year

= 2,54k units/year

The total carcasses shipped (CONUS and EX-CONUS) is estimated

as follows:
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. 94,718 units _ 12 months _ .
ASO: 3 months x Jear 378,872 units/year

7,108 units . 12 months

Spcc: 1 month year

85,296 units/year
Total: 464,168 units/year

The estimated percentage of carcasses shipped from EX-CONUS
is: 7,428/464,168 = ,016 or 1.6%.
The value of T, is the CONUS cost (5¢/unit previously computed)
plus the unit cost to ship to CONUS.
$3266. L4 + $19,791.72

_ 212 x 2 814 x 2
T, = .016 5

+ .984(.05) = $.21/unit

8. The disposal return rate, symbol p, for RFI material
was estimated by the Defense Property Disposal Officer in Columbus,
Ohio to be 5% for RFI material. No value was provided for disposal
of NRFI material, but for purposes of this study, -a value of 2%
was assumed; the symbol used is .

9. The repair administrative cost, symbol A3, is estimated
to be 8102 for SPCC and $14.96 for ASO.

10. Shelf life values, symbol S, are available from UICP
files. Items are assigned a shelf life according to a shelf life

code assigned. Some examples:
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SHELF LIFE CODE SHELF LIFE (S)

.08
.33
1.25
1.75
2.50
5.00

X UrreGoxr

11. The administrative cost of a disposal action, symbol

B, was estimated for model test purposes using data from various

sources.
COST FACTOR SOURCE COST/DISPOSAL ACTION
Disposal Directive Review SPCC § .oh
Keypunching SPCC :
O0ff-1ine AUTODIN Labor (ICP) ALRAND 237 1.23
0ff-line Labor (Stock Point) NSC Charleston
Computer Time (Stock Point) NSC Charleston'> .57
Computer Operator (Stock Point) NSC Charleston
Warehouse Labor (Stock Point) NSC Charleston 16.80

TOTAL $18.84

NOTE: Model testing showed B to have minimal impact on the
solution variables t, and t, and was deleted from

the final model formulation. See TABLE I, page 31.

ITT. MODEL EVALUATION

The proposed model, equations (5) and (7), was evaluated by
sensitivity and empirical analysis. Sensitivity analysis uses
hypothetical model parameters to evaluate the impact on the

solution variables, t. and t,. This is a theoretical test to

1
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assure the models are feasible and function properly. The
empirical analysis uses actual ICP file data as input to the
current model and the proposed model. Solutions for the current
and proposed model are compared to measure the impact of the
proposed model on the economic retention requirement. This is
the practical test.

A. SENSITIVITY ANALYSIS. An initial task for the sensitivity

analysis is the establishment of benchmark values for the models
solution variables t, and t,. Model parameters are chosen and
the resultant values of tl and t, are computed for future
reference. The sensitivity of the expected cost to hold material
and the expected cost to reprocure disposed material are illus-
trated in FIGURES 3 and 4. The point of intersection of the
curves indicate the optimal number of years of material to hold
in retention. For t, in FIGURE 3, 8.25 years of forecasted
demand is the economic retention quantity and for t, in FIGURE k&,
7.77 years of forecésted demand is the economic retention quantity.
Use of these values is shown on FIGURE B-1, APPENDIX B.

TABLE I indicates the variable B, as noted earlier, appears to
have minimal impact on the solution variable. For this reason,
B was dropped from the models.

The sensitivity of t, and t, to variations in the model
variables are shown in the tables and graphs of APPENDIX B. The
steeper the slope of the curve the greater the sensitivity of the

solution variable to that parameter. Many of the parameters
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have small absolute values, thus great care must be exercised
in assigning values because small errors can produce large errors
in the values of t, and t,.

B. EMPIRICAL ANALYSIS. The proposed model was given a simulated

operational test using UICP data from the September 1978 stratifica-
tion at ASO and SPCC. The data was reviewed for accuracy by

the ICP personnel prior to use. To evaluate the proposed rules
against the existing, the model was constrained using equations

(15) through (21). To identify/differentiate various model

outputs, the current model constrained value was labelled ERR,

and the proposed model constrained value was labelled ERR2.

Specific statistics for evaluation are:

1. Value of proposed model with new constraints (ERR2).

2. Value of proposed model with current constraints (ERRL).
3. Value of current model with current constraints (ERR).

4. Difference between current constrained economic retention

quantity and proposed model with current constrained retention
quantity (ERR-ERR1).

5. Difference between current constrained economic retention
quantity and the proposed constrained economic retention quantity
(ERR-ERR2).

Frequency distributions of these values were developed for major
inventory segments; 1R and 2R at ASO, and 1H, 2H, 4G, and 4N
at SPCC. The statistics were developed assuming a zero disposal

rate and then a disposal rate of 5% of material standard price
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for RFI and 2% for NRFI. The items in categories MARK O,

MARK I, MARK II, and Provisioned items were not included in

the comparison due to lack of consideration of the model solu-
tion variables (t1 and t,) in the current model. TABLE II shows

a count of total items by MARK that were used in this analysis.

33



TABLE IT

ITEM COUNTS BY ICP, COG, MARK's 0, I, II, AND PROVISIONED ITEMS

ITEM CATEGORY SPCC ASO
Total items in Universe 334,363 223,2h45
MARK O ltems 252,865 154,348
Non-MARK O Items 81,498 68,897
1H 50,112 -
2H 8,668 -
4G 6,698 -
kN 6,672 -
1R - 48,470
2R - 14,798
All Others 9,348 5,629
t Provisioned ltems 13,867 6,812
Non-MARK 0; Not Provisioned ltems 67,631 62,085
1H h7,h91 -
2H 5,158 -
Lg 3,402 -
4N L 366 -
IR - 45,922
| 2R - 12,100
§ All Others 7,214 4, 063
MARK | and 11 Consumable ltems 22,644 11,577
Non-MARK 0; Not Provisioned; 4L 987 50,508
Non-MARK | and 11 Consumables
1H 25,559 -
2H 5,097 -
4G 3,381 -
ll’N l*’356 =
]R - 35,373
2R - 12,100
All Others 6,594 3,035

The details of the analysis are shown in APPENDIX C.
TABLES C-1 through C-3 (APPENDIX C) computed the various

retention quantities (new model/new constraints = ERR2; new model/
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current constraints = ERRl; and current model with current
constraints = ERR). A value of p = 0 was used which is the
understood NAVSUP policy. This is based on the lack of financial
return to the Navy since Defense Property Disposal Office
proceeds go to the U. S. Treasury. Economic arguments can extend
the realm of consideration to justify using a value for p.
TABLES C-1 and C-2 contain frequency distributions for the
priced out values of the economic retention requirement using
current and alternative models for major SPCC cogs. TABLE C-3
shows the differences among the three models. A higher economic
retention requirement is indicated under the current constraints
and the proposed model for 1H, 6G, and 6M cogs with a lower
economic retention requirement indicated for the other cogs.
ERR1 in total indicates a requirement $16,471,021 lower than ERR
in TABLE C-3. TABLE C-3 indicates ERR2 computes a much higher
retention requirement than ERR, or $2,610,730,124 for SPCC cogs.

TABLES C-4, C-5, and C-6 provide the same analysis on ASO
material that TABLES C-1, C-2, and C-3 did on SPCC cogs. The
analysis shows that ERR1 gives a higher economic retention
requirement for 1R and 5R material, but a lower requirement
for the balance of the inventory segments. Overall ERR1 gave a
requirement $68,725 higher than ERR. ERR2 gave a retention
requirement $5,734,396,305 higher than ERR.

TABLES C-7 through C-12 provide similar analysis except that

values of p = .05 and j = .02 were used vice current values of
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zero. The results for comparing the proposed model (ERR1) with
the current (ERR) using the same constraints indicates that ERR1
requirements compute $24,320,778 less for SPCC. TABLE C-9

also shows that ERR2 (proposed model/new constraints) computes an
economic retention requirement of $1,772,778,470 more than ERR.
TABLE C-12 shows ERR computes a requirement $8,836,429 higher than
ERR1, but $2,965,996,470 less than ERR2 for ASO inventories using
values of p = .05 and j = .02 vice zero.

The proposed model using current constraints computes lower
economic retention requirements than the current model. Using
the alternative constraints and the proposed model, the retention
requirement computed is much higher than current retention
requirement. The subtotals of TABLES C-3, C-6, C-9, and C-12
indicate the relative results, as follows:

a. ERR-ERRI,.

1cP ASSUMPT | ON A INVESTMENT
SPCC p=0; j=0 $16,471,021
ASO p=0; j=0 68,725
TOTAL $16,539,746
SPCC p=.05; j=.02 $24,320,778
ASO p=.05; j=.02 8,836,429
TOTAL $33,157,207
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Iv.

ERR-ERR2.

SPCC p=.05; j=.02
ASO p=.05; j=.02

ICP ASSUMPTION
SPCC p=0

ASO p=0

TOTAL

TOTAL

SUMMARY

A INVESTMENT

$-2,610,730,124
—5’73h,396,305

$-8,3h59]26’429

$—]77729778,h70
_299659996;h70

$-4,738,774,940

The dynamics of fleet operations and changes in supply policy

tend to cause change in demand forecasts and fluctuation in

material excesses.

The current Navy economic retention model was

designed to compute the optimal amount of excess consumable item

assets to hold
study develops
repairable and

both the costs

prematurely.

the current model and with

into the proposed model to

The proposed model was

economic factors.

Current

in retention based on economic criteria. This
an improved economic retention model applicable to
consumable items. The model formulation considers

to hold assets and to reprocure assets disposed

evaluated with constraints used in
alternative constraints introduced
consider repairable items and other

constraints, such as shelf life., were

retained, but transportation costs were introduced, as examples.

The proposed model was evaluated initially in a theoretical

mode to assure the feasibility of the proposed mathematical
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technique. The model design eliminates the approximations used
in the current model and provides a more precise solution. The
binary search routine was shown to provide precision using
actual data. The theoretical examination also examined the
sensitivity of the various parameters in the model. The model
solution variables t, and t, (optimum years of demand to retain)
were found to be sensitive to changes in disposal transportation
cost, repair price, repair administrative cost, and repair
set-up cost as these values became large. Several new model
variables were tested with values based upon experience, which
should be determined more accurately. Other parameter values,
though small in absolute value, had profound impact on the values
of t, and t,.

A practical test of the model consisted of an empirical
examination of the differences between the current and proposed
models using ICP stratification data. Under current constraints
the proposed model retains less material (lower economic retention
requirement) than the current model. The proposed model using the
alternative economic constraints computes a higher economic
retention requirement than the current model.

The proposed economic retention model represents an improvement
over the current model. Approximations are eliminated and repair-
able items considered along with consumable items. The mathematics
exist to implement the model as a portion of the stratification
process. Additional study will be required to establish optimum
values of parameter values and procedures must then be established

to maintain the proper values.
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APPENDIX A: REFERENCES

(a) ALRAND Report 45 - "Inventory Control Manual - The
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(c) First Course in Numerical Methods, Walter Jennings, The

MacMillan Company, 1964,
(d) DODINST 4140.39 of 17 Jul 1970.

(e) Telcon between Mr. J. Harding (FMSO 932) and Mr. C. Goss

(NSC Charleston, 43) on 27 Jul 1978.

(f) Telcon between Mr. J. Harding (FMSO 932) and Mr. R. Farley

(NSC Charleston, 407) on 27 Jul 1978.



APPENDIX B: RESULTS OF SENSITIVITY ANALYSIS

1. FIGURE B-1 s varied
2. FIGURE B-2 j varied
3. FIGURE B-3 a varied
4. FIGURE B-Uu d varied
5. TFIGURE B-5 1 varied
6. FIGURE B-6 p varied
7. TFIGURE B-7 T1 varied
8. FIGURE B-8 T2 varied
9. FIGURE B-9 A1 varied
10. TFIGURE B-10 A, varied
11. FIGURE B-11 Q1 varied
12. FIGURE B-12 ¢ varied
13. FIGURE B-13 k varied
14. FIGURE B-14 A, varied
15. FIGURE B-15 Au varied
16. TFTIGURE B-16 Q2 varied



0¢”

YA

i-8 3¥N9I14

J1vd 1S0J 39VH0LS
0z’ qL’ oL’
I | |

q0°

Jlewyduags:

60°1 [8°T
6l°1 66°¢
69°¢C 6 Y
£€8°¢ 91°9
4 B4 h's
L€ I1L°S
88°¢€ €0°9
6E° Y 8¢9
00°'9 LL°9
TR 12°L
[9°9 oL L
wll L %92°8
! I

S3T8VIYVA 40 3718Vl

YA
at”
oL’
60"
80"
LO°
90°
s0°
0"
€o0°
(AN
*10°

S

“N L] “m
dogi 00y 00T
' o00z=> 05 ="
0002="y .

” 000z='v  12°=%L
G0'="1 G0°=d oL°
40" =p 01" =e 20"

]
— o

SINVLISNOJ 40 318Vl

QIIYYA S HLIM °3 any '3 40 ALIAILISNIS

0l

(s4edh) ‘3 pue (saeaA) 5

B-2



¢-9 3dNJI4

AVIYILYW [4YN ¥04d JLVY NUNLIY 1vS0dSid

0¢* al* oL-
I | ]

S0°
|

ydewyouagy
[2°0 8¢’
6¢°2 0¢’
tl¢ gl’
719 oL
Wh'q 60°
SL'S 80"
90°9 AN
8¢9 90°
19 G0°
S0 L 70"
Lg°L €0
LLL 0"
%91°g %10’
2 r

S3T9VIdVYA 40 319Vl

=0 ooy 0002= Y

005="Y  000Z=> lz°= 1 )
3 ] . 70" =p
005= v 05=0 G0°'=1 Q| =e
000Z="°Y G0°=d 10 =S

0L°=1

SINVLISNOD 40 3718Vl

Q314YA [ HLIM %3 40 ALIAILISN3S

01

(saeahk) 4

B-3



£€6°¢
8" ¢
IAAR
748°9
LL°L
'8
€2°6
q1°01
LYART
94921
oLyl
88°91
98 Ll
¥96°61
z_
1

€-9 34n9I4

(e) 3Lvd 3IINIIS3170S40

0¢"* T 0z’ ql oL’ q0° 0
L 1 | 1 | 1 0
—
B
v_\_mEr_Ucmm«
90°¢ o¢’
79°¢ T
84" 0z 20
£€8°S qlL”
GZ'g oL’
[6°§ 60°
286 80"
18°01 N
86" 11 90° 91
q¢ ¢l 90" B
161 70" . .
€191 €0" =0 0001=1 000C=V
89°81 20° 005="y 000Z=2 2<% o_.w_
+89° 02 %10 ) 0s="0 . 0 '=p
+ — 005="Y . §0'="L  zo°=f L oz
3 e 000Z="Y go'=d |0°=S
S379V 1YYA 40 378VL SINVLSNOD 40 31€vL
Q31YYA ® HLIM °3 ONY '3 40 ALIAILISN3S

(s4eak) 3 pue (saesh) 3

B-4



-9 N4

39740LS NI SSOT AYOLNIANI 40 AL11189vE0dd
0Z°1 00°1 08" 09° N oz’
L | | i 1 |
Jewyousgs
97°6 78°8 9"
6 08°8 16
6 6L'8 98°
046 LL°8 g
6£°6 9L°8 9L
LE°6 hl'g A
Ge°6 L8 99°
£€€°6 (WA 19°
1€°6 69°8 9g°
876 99°'8 g
9T°6 19°8 9"
26 19°8 N
gL"6 89°8 9¢*
€16 $5°8 i3 . .
L0°6 15°8 9Z° =0 0001=3 000Z=V
86°8 9%°8 A K 0007=2 .z ol =1
£g°g 1h'g 91 oom-m< et 1z -HF 01 -=e
65°8 Ge°8 [ 005="V 2 G0°="1 20°=f
118 878 90° 0002="Y G0 *=d [0 =S :
69  x07°8 %10°
- R - SINVLSNOD 40 318Vl
3 3 p 1

S3TavIdvYA 40 319V

QIIYYA P HLIM 3 anv '3 40 ALIAILISNIS

01

(s4edh) q pue (s.teaA) L5

B-5



=0
005="v
005="y

g-9 3¥N9I4

31vY LSIHILNI

0¢-” T 0¢’ 18 ot S0°
| | | | i |
4 ewyouags

LL°S q¢'9 0¢’

0¢°9 8L°9 T

69°9 TN 0¢’

rAAA TANA ql’

LL°L YA ol

88°L 9¢°g 60"

66°L '8 80"

60°8 U] LO°

0Z°'8 £€9°'g 90°

0¢£°8 1L°8 S0°

04°8 08°8 70"

09°8 88°8 €0”

09°8 96°8 ¢0°’

¥69°'8  x£0°6 x10°

- R T N

0001=4 000Z='Y
=2
0007 2-=%)

1
Om.lN.O mo .".n._..
000Z=VY G0°=d

40 =P
O_..Hm
20°=(
10" =S

b1

1

SLNVLISNOD d0 378vV1

G31YVA ! HLIM %3 ONY "2 40 ALIATLISNIS

S3ITEVIYVA 40 374v1L

0l

(s4e24A) LEY

[
.

(SJeeA) ¢y

B-6



09°

0s°
I

BLARERRY

9-49 3¥NII4

144 ¥04 3FLvd NYNL3Id 1vS0dsid

of” o¢- 0¢’

] ] i

oL’

Jdewyouagy

6l°¢ 0S5
65°¢ a4
(0% O’
9"y 5¢”
964 0¢”
A BT A
0°9 0C°
0/.°9 91’
A DA oL-
89°L 60"
wl°L g80°
06°L L0
L0°8g 90°
97°8 S0°
tn°8 70’
29°8 €0°
28°8 0’
%¥20°6 %10°
T q

S374vIdvA 40 318Vl

7= 0001=4 000Z='V

=D
005="y OOONH 1z2°="1
005="y omuud G0°="1
0002="Y 01" =l

70 °=p
O—.Hm
0=l
10" =S

SINVLISNOD 40 378Vl

a31yvA d HLIM 3 40 ALIAILISN3S

0l

(SJeaA) I:

B-7



L-9 F™NIIA

TVS0dS1Q 404 L1S0J NOILVLIYOdSNVYL

00¢ 052 007 051 001 (1] 0
| L | | 1 _ 0
- Z
4 ewyousgsy xﬁ\

T._J_

89 ¢l €q°0l 1" 002 —_

rARNN! 08°6 L*051 s

186 €26 L 00l 3

nl'g L8 109 <

wll L YA *1° h

—_— _— R +

z 1 1 ®

| | i -

~

S318VIYVA 40 379Vl o

e

z=0  oo0l=t oot

oog=ty  0002=° 10" =p
", 0s="0 lg'="1L O0l°'=e
005="Y . Go'=d zo°=[
000Z="Y oL"=! 10°=S

SINVLSNOD 40 3149vi

QIIYYA "L HLIM 3 aNV '3 40 ALIAILISN3S

—hl

B-8



8-8 3¥N9I4

SSYJ4VYI 3A0W OL 1S0J NOILVIHOdSNYYL

00¢ 05¢ 002 051 00l 0S 0
| 1 1 | i i
yhewyosuagsy
€h°l 1002
€9 L 17091 .
19°L 1001 =% 0001=4 1
YAy L*05 oosety  000z=>  009TE Y ygen
#LL°L #l° . 0s="0 S0°'=1 ol -=e
— - 005="Y . G0 " =d 20 =l
} L . 000z="y 0l1°=! 10°=S
S37aVIYVA 40 318Vl SINVISNOD 40 378vl
S e

A3IIYVA °L HLIM °3 40 ALIAILISNIS

0l

(sae2h) %3

B-9



6-9 34N9I4

1500 ¥430Y0 LNIW3YNI0Yd

000°‘0¢ 000°9C 00002 000°91 00001 000°S
i i i { ] ]
ydewyouags
0£°g gt '8 oolL‘oz
gL'g h'8 oo_“m_
o8 9t'8 00 OL =0 0001=" .7
88° . 62°8 001°¢S N 0002=2 12°="1 70" =p
#69° L *CC°g %001 004=Y . co=ty 0L"=e
3 06=0 N "
— — — 005="Yy . 60" =d z0-=f
3 3 v 000Z="V 01'=t {0°=s
$379VI4VYA 40 379Vl SLNVLSNOD 40 314VL
i .
— | — —_—
\
3l
QIIMVA 'V HLIM 3 anv '3 40 ALIATLISNIS

0t

(s4e24) 1,

(s4eaA) (%

B-10



Ol-9 3™NIIAL

1500 dN-13S S 4FYNLIVANNYW

000°0¢ 00092 000°0¢ 000°41 00001 000°S 0
l | | | | | 0
¢
yJewyosuags
0€°8 878 001°0¢ 4
gl°8g 4 001Gl
G0°g 9¢°'g 00t‘ol 2 _
88" L 62°8 001‘S ¢=0 s 1z="1 h0"=p
%69/ YA %001 005=V . co'='1 o
€ 05=0 N 01°=
- R - 005="v . G0'=d  z0°=l 9
1 3 v 0002="V ol "=! 10°=S [~
S319VIYYA 40 378Vl SINVLISNOD 40 374Vl
Z —
Y — e — l‘l‘.kl o lw
m\
— 01

Q3 1YYA °Y HLIM °3 aNv '3 40 ALIAILISN3S

(SJeeA) 11

[
.

(SJEQA) 21

B-11



11-9 3¥NIId

ALILNVNO ¥3Q40 J1ISvd

000°¢ 005°2 000°2 005°1 000°| 009 0
| 1 | ] [} { 0
- 2
v_\_mEr_UCOmu.n
09° L 61°8 0102
09°L 618 o_m”_ - &
19°L  0e7g oot =0 0001= .2
29°L 0Z°8 019 . 000Z=2 1z°="1 §O =P
%92°8 %98 %01 005=V Z co ="' 0l =e
g 000Z="¥ N L=
— — - 009="V . G0'=d 20°=l
! 1 [} 000Z=V 0l =1 10°=S |9
$379VIYVA 40 314vL SLINVISNOI 40 319Vl
<
e e
O o — L] — —_—
. . . . N8
.
L
- 01

a31¥vA D HLIM 3 OGNV '3 40 ALIAILISN3S

(SJeeA) I1

€
.

(sdeak) 3

B-12



¢l-9 3¥N9I4d

331d4d LINN QYVANVLS

00021 000°01 000°g 000°9 000°Y 0002 0
{ { i | | | 0
N4 Bewysuagy ~ ¢
99°8 0Z°8 000°01
£9°g 128 000°g
LS°8 12°8 000°9
€8 g 0004 2<%  ooo1=d z
LL°L 528 0002 N 05="0 2= 1 4o=p — 4
%*L9°9  xlT'8 +009°1 005= v . co'='1  0|'=e
— — —~ oog=‘y  200¢= ¥ Go'=d  zo°'=f
<3 I 3 000Z= 'V 0l°=! [0°=S
$374V I4YA 40 314Vl SINVLISNOD 40 319VL
-9
1 /
N\ _ . -8
T -/
~ 0l

d31YVA 2 HLIM ‘3 anNv ta 40 ALIAILISN3S

(saesh) '3

(sdeak) 3

B-13



€1-9 3¥N9I4

3314d ¥Ivdy
00Z°1 000°¢1 008 009 004 002
L L 1 | I |
qAewyouags
Ll L 001
20°8 108
12°g 109
L£°8 L0Y 2 000Z=2
05°8 102 =10 1 1z°="1
. K 05=10 70 °=p
%19°8 %l 009=V . cor="L ol°=e
€ 0002= ¥ N .
- - 00S=V . Go°*=d zo-=l
:| 3 000Z=V OlL'=! {0°=S

S3T9VI¥VA 40 314Vl

SINVLISNOD d0 374Vl

QI1YVA O HLIM 3 40 ALIAILISN3S

(SJeaA) 21

0l

B-14



71-9 34N9 14

1503 IALLVYLISINIWAY ¥1Vd3IY

00zZ°1 000°¢1 008 009 004 002 0
| 1 ] { L |
0
V_LmEr_Ur_Omu.»
€L 000°1 — ¢
1% A 006
€9l 008
19°L 00/
69°L 009
Ll L 009 N
ST '
06° 00 2 000Z=2 .2 K
96°L 00z ¢=0 0s=0  E=1 o ~
%20°8 %001 005=V 2 G0°'= 1 0l =€ 5
000Z=V ._d er o
NI. mll ' I mo = ¢0°=! =
1 v 0001=% 000Z=V 0l°=! [0°=S o
-9
S379Y 1¥YA 40 379VL SINVLSNOD 40 318Vl
NU. ® o — y wmv— — —_—
———— . _ . »
01

a3tyvA *v HLIM °3 40 ALIATLISN3S

B-15



00Z°1L

S1-9 3UN9i4

1S0J dN-13S Yivday

000°¢1 008 009 00% 002 0
| 1 L i ) } 0
yJewyouagsy
. 7
rASA 000°1
th° L 006
9L 008
19°L 00L
69°L 009
LL°L 009§ -
48" L 007 000Z=2 S
06°L 00¢ =% . _N.nuh .
96" L 00¢ . 0= 0 . 10°=p <
%208 +001 005="V 0002=2y G0"='1 0l =e e
- - o H go'=d  zo'=[ @
3 v 0001=% 000Z="Y 0lL°=! 10°=s L g
S379V IYVA 40 319vVL SINVLSNOD 40 378Vl
NH\'I’.'I’.""
n.ll'v"o"» ..lw
a314VA "V HLIM %3 40 ALIAILISN3S

=0l

B-16



91-9 NI 4
ALILNYND ¥1Vd3¥ Q3INIVYLSNOD

SJewyouagy

8¢°8
8¢’8
8¢’8
[2°8
[7°8
9¢°8
97°8
b8
(AN ]
ql°g
%Z9°9

3

SIAV IYVA 40 318Vl

Q31YVA SO HLIM %3 40 ALIAILISN3S

0 09 0 0¢ 0¢ 0l
4 { _: | i 1
-2
1S
9%
Ly
9¢
L€
9¢ —t ZJ.
4 "
~
w” \ 000Z=2 . o
9 oomnm< os="0 ¢ nﬁ._. O =p 9
%1 005="v _z 0'=1 0l'=e N
— s ooow-ﬂ< co-=d 20°=[ 9
0 0001=% 000Z=VY 0l'=! [0°=S
SINVLISNOD 40 378vL /
z — .\ 8
u.Olll.ll.l"dlllo"o"-"'"-'lol‘
—01

B-17



APPENDIX C: DETAILS OF EMPIRICAL ANALYSIS

1. TABLE C-1: Frequency Distribution of Retention Quantities
by SPCC Cogs

2., TABLE C-2: Frequency Distribution of Retention Quantity
Differences by SPCC Cogs

3. TABLE C-3: Summary Statistics by SPCC Cogs

4. TABLE C-4: TFrequency Distribution of Retention Quantities
by ASO Cogs

5. TABLE C-5: Frequency Distribution of Retention Quantity
Differences by ASO Cogs

6. TABLE C-6: Summary Statistics by ASO Cog

7. TABLE C-7: Frequency Distribution of Retention Quantities
by SPCC Cogs

8. TABLE C-8: TFrequency Distribution of Retention Quantity
Differences by SPCC Cogs

9. TABLE C-9: Summary Statistics by SPCC Cogs

10. TABLE C-10: Frequency Distribution of Retention Quantities
by ASO Cogs

11. TABLE C-11: Frequency Distribution of Retention Quantity
Differences by ASO Cogs

12. TABLE C-12: Summary Statistics by ASO Cogs
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TABLE C-5
FREQUENCY DISTRIBUTION OF RETENTION QUANTITY DIFFERENCES BY ASO COGS

ASO Items - 1R Cog Consumables; 2R Cog Repairables, Frequency of Priced Out
ERR minus ERR1; ERR minus ERR2; p=0, j=0

FREQUENCY PRICED OUT FREQUENCY OF PRICED

$ FREQUENCY ERR MINUS ERRI OUT ERR MINUS ERR2

LIMITS R 2R R 2R
-1,0Q0,000 0 1 74 759
- 7,000 584 28 14,174 6,724
- 6,000 137 11 956 192
- 5,000 172 5 1,141 214
- 4,000 257 11 1,346 221
- 3,000 386 24 1,750 279
- 2,000 691 35 2,380 288
- 1,000 1,330 66 3,483 303
0 29,250 11,674 7,338 1,238
1,000 1,964 29 2,149 156
2,000 214 22 212 155
3,000 99 24 102 121
4,000 53 15 57 9k
5,000 23 8 16 78
6,000 20 8 i 19 85
7,000 19 13 12 66
1,000,000 66 80 56 1,052
TOTAL 35,265 12,054 35,265 12,025
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TABLE C-2
FREQUENCY DISTRIBUTION OF RETENTION QUANTITY DIFFERENCES BY SPCC COGS

SPCC Items - 1H Cog Consumables; 2H, 4G, 4N Cog Repairables, Frequency of Priced
Out ERR minus ERR1; Priced Out ERR minus ERR2; p=0, j=0

FREQUENCY OF PRICED OUT
$ FREQUENCY ERR MINUS ERRI ERR MINUS ERR2

LIMITS TH 20 LG N TH 2H LG N
-1,000,000 0 0 0 0 27 Ly 50 37
-7,000 106 0 4 2 §10,409¢ 2,4811 1,479} 1,681
-6,000 19 0 1 0 824 126 78 67
-5,000 27 0 0 0 919 117 75 69
-4,000 26 0 0 0 995 154 78 60
-3,000 73 2 2 2 i 1,421 119 70 74
-2,000 127 4 2 141 1,833 114 71 65
-1,000 322 4 3 5H# 3,003 113 87 88
0 23,079 4,620 |3,046 {3,969 | 4,361 674 543 860
1,000 1,495 18 30 4 1,526 139 118 149
2,000 156 28 24 168 90 81 136
3,000 52 22 14 73 61 57 88
4,000 17 14 12 21 57 L6 73
5,000 8 12 11 14 4o 28 56
6,000 14 9 6 15 34 28 61
7,000 6 4 6 8 23 20 Ly
1,000,000 21 Lsg 59 31 395 306 611
TOTAL 25,548 | 4,682 {3,220 |4,231 {25,548 4,781] 3,215] 4,219
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TABLE C-4
FREQUENCY DISTRIBUTION OF RETENTION QUANTITIES BY ASO COGS

ASO Items - 1R Cog Consumables, 2R Cog Repairables, Priced Out ERR2, Priced Out
ERRT1, and Priced Out ERR; p=0, j=0

FREQUENCY OF FREQUENCY OF l FREQUENCY OF
$ FREQUENCY PRICED OUT ERR2 PRICED OUT ERRI PRICED OUT ERR

LIMITS TR TR 2R TR 7R
0 3,120 1,244 22,737 426 29,517 313
10,000 19,612 1,931 11,590 3,219 5,130 3,268
20,000 4,332 1,193 553 1,543 336 1,576
30,000 2,220 172 903 122 906
40,000 1,321 81 592 70 601
50,000 889 43 Los 19 496
60,000 632 20 Lok 17 Lo7
70,000 454 17 302 16 307
80,000 346 12 249 6 249
90,000 319 6 234 6 235
100,000 212 5 219 6 221
110,000 201 6 178 3 176
120,000 169 6 145 3 146
130,000 143 2 139 0 140
140,000 105 2 104 4 102
150, 000 95 ] 100 0 102
160,000 89 3 102 2 104
170,000 82 ] 95 0 98
180,000 62 0 79 0 77
190,000 70 0 77 0 76
200,000 51 0 71 ] 72
100,000,000 741 3,278 8 2,379 7 2,383
TOTAL 35,265 12,052 35,265 12,055 35,265 12,055
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TABLE C-8
FREQUENCY DISTRIBUTION OF RETENTION QUANTITY DIFFERENCES BY SPCC COGS

SPCC Items - 1H Cog Consumables, 2H, 4G, 4N Cog Repairables, Frequency of Priced
Out ERR minus ERR1, Priced Out ERR minus ERR2; p=.05, j=.02

FREQUENCY OF PRICED OUT FREQUENCY OF PRICED OUT

$ FREQUENCY ERR MINUS ERRI1 ERR MINUS ERR2

LIMITS TH ZH LG IN TH ZH 4G ON

-1,000,000 0 0 2 0 22 26 32 21
- 7,000 104 0 0 1§ 9,053} 2,258] 1,378} 1,540
- 6,000 19 0 0 0 736) 152 65 88
- 5,000 24 0 0 0 885 132 91 82
- 4,000 27 0 0 off 1,154 185 100 77
- 3,000 70 0 0 off 1,2h0 180 100 96
- 2,000 120 1 0 off 1,807 135 76 83
- 1,000 307 0 0 off 2,938 126 92 92
0 22,725} h,474y 2,919{ 3,775 5,597 576 L5y 701
1,000 1,455 112 117 1558 1,331 237 209 266
2,000 322 55 L2 79 348 120 101 176
3,000 133 36 22 L7 143 77 65 107
4,000 74 17 16 22 78 62 50 77
5,000 Lo 16 14 22 58 43 32 68
6,000 29 10 6 26 Ly 36 28 71
7,000 17 6 7 14 22 25 21 Ly
1,000,000 73 55 75 90 92 L1y 324 630
TOTAL 25,5481 4,782} 3,220] 4,231§ 25,548 4,781} 3,215% 4,219
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TABLE C-10
FREQUENCY DISTRIBUTION OF RETENTION QUANTITIES BY ASO COGS

ASO ltems - IR Cog Consumables; 2R Cog Repairables, Priced Out ERR2, Priced Out
ERR1 and Priced Out ERR; p=.05, j=.02

FREQUENCY OF FREQUENCY OF n FREQUENCY OF

$ FREQUENCY PRICED OUT ERR2 PRICED OUT ERRI PRICED OUT ERR

LIMITS TR 2R TR 2R R 2R
0 4,501 1,449 22,792 453 29,517 313
10,000 20,484 2,211 11,621 3,243 5,130 3,268
20,000 3,895 1,313 511 1,529 336 1,576
30,000 1,877 809 161 886 122 906
40,000 1,087 574 72 594 70 601
50,000 707 470 33 L9 19 Lo6
60,000 480 369 16 Lo9 § 17 Lo7
70,000 367 291 16 306 16 307
80,000 280 228 9 240 6 249
90,000 222 2ho 6 233} 6 235
100,000 163 181 3 218 6 221
110,000 119 173 5 175§ 3 176
120,000 131 161 6 144 3 146
130,000 106 134 1 138 0 140
140,000 73 115 1 102§ I 102
150,000 67 111 ] 102 0 102
160,000 56 95 2 99 § 2 104
170,000 L9 103 1 95§ 0 98
180,000 L 89 0 76} 0 77
190,000 n 86 0 771 0 76
200,000 Lo 73 0 72k ] 72
100,000,000 476 2,780 8 2,373} 7 2,383
TOTAL 35,265 12,055 35,265 12,0558 35,265 12,055




TABLE C-11
FREQUENCY DISTRIBUTION OF RETENTION QUAMTITY DIFFERENCES BY ASO COGS

ASO Items - IR Cog Consumables; 2R Cog Repairables; Frequency of Priced Out ERR
minus ERR1, Priced Out ERR minus ERR2; p=.05, j=.02

FREQUENCY OF PRICED FREQUENCY OF PRICED

$ FREQUENCY OUT_ERR MINUS ERRI] OUT _ERR_MINUS ERR2
LIMITS TR 2R, . TR — 2R .
-1,000,000 0 1 48 423
- 7,000 566 1 1 11,887 5,551
- 6,000 136 2 944 217
- 5,000 167 0 1,074 251
- 4,000 247 1 ” 1,301 278
- 3,000 370 7 1,630 323
- 2,000 669 7 2,300 363
- 1,000 1,289 10 i 3,471 337
0 28,780 11,091 9,631 881
1,000 1,961 343 1,859 506
2,000 L78 169 487 363
3,000 185 104 193 231
4,000 102 46 91 162
5,000 72 31 68 122
6,000 42 23 Uy 126
7,000 48 28 62 99
1,000,000 153 190 178 1,779
TOTAL 35,265 12,054 35,265 12,012
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